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FORWARD 

The  recent  introduction  of  degradabie  plastics  into  the  marketplace  has 
caused  widespread  controversy  over  the  potential  benefits  and  drawbacks 
of  these  products.  Recognizing  the  need  to  put  the  matter  into 
environmental  and  scientific  perspective,  EPIC  (Environment  and  Plastic 
Institute  of  Canada)  and  the  Ontario  Ministry  of  the  Environment  agreed  to 
jointly  sponsor  a  third-party  study  to  determine  the  effectiveness  of 
degradabie  products.  The  study  was  to  be  based  primarily  on  published, 
peer-reviewed,  scientific  literature.  Opinion  data  was  specifically  to  be 
excluded  and  media  reports,  of  which  there  were  many,  were  to  be  used  as 
little  as  possible. 

A  number  of  universities  and  research  organizations  were  invited  to  bid  on 
the  project.  Of  the  bids  received,  ORTECH  International  was  selected  to  do 
the  study  based  on  their  well  known  expertise  and  credibility  with  industry 
and  the  Canadian  public. 

Coincident  with  the  carrying  out  of  the  study,  a  multi-stakeholder 
Degradability  Committee  was  formed  within  EPIC,  consisting  of  plastics 
processors,  raw  material  suppliers,  and  suppliers  of  degradabie  additives. 
One  of  the  initial  tasks  of  the  Committee  was  to  formulate  a  position 
statement  (enclosed)  to  put  into  the  best  possible  perspective  the  issues 
surrounding  degradabie  plastics,  and  to  better  define  their  role  in  the 
management  of  plastic  waste. 
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EXECUTIVE    SUMMARY 

Plastics  have  come  under  increasing  attack  by  the  public  as  a  major 
contributor  to  litter  and  to  solid  waste  disposal  problems.  Although 
plastic  waste  currently  in  North  America  comprises  only  about  7%  of 
municipal  solid  wastes  on  a  weight  basis  it  is  highly  visible  since  it 
constitutes  about  18%  of  the  initial  volume  of  municipal  waste  and  may 
take  many  years  to  degrade  when  discarded  as  litter  or  to  landfill  sites. 

As  plastics  have  replaced  other  materials  such  as  glass,  metals  and 
paper,  the  percentage  of  waste  composed  of  plastics  has  nearly  doubled 
in  the  years  1976  to  1984  from  statistics  published  in  the  USA  in  1988. 
This  has  lead  to  mounting  concerns  about  plastics  waste  disposal. 
Options  which  could  reduce  litter  and  extend  the  life  of  existing  solid 
waste  disposal  facilities  such  as  separation  and  recycling  of  plastic 
wastes  and  the  use  of  plastics  which  would  degrade  in  the  environment 
are  now  being  considered. 

The  term  "degradable"  is  generally  used  to  identify  a  class  of  plastics 
which  have  been  compounded  or  engineered  to  rapidly  degrade  in  a 
relatively  short  period  of  time  in  the  environment.  These  systems  with 
claims  for  enhanced  degradability  presently  fall  into  two  groups 
"photodegradable"  and  "biodegradable".  There  is  much  debate  as  to  the 
extent  of  degradation  of  biodegradable  and  photodegradable  plastics 
under  various  environmental  conditions. 

As  a  result  of  these  uncertainties  on  the  performance  of  degradable 
plastics  and  their  potential  to  alleviate  the  plastic  waste  and  litter 
problems,  the  Environment  and  Plastics  Institute  of  Canada  and  the 
Ontario  Ministry  of  the  Environment  commissioned  the  present 
independent  study  to  review  the  literature  and  obtain  data  from  trade 
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journals  and  in  particular,  scientific  data  from  peer-reviewed  journals  and 
the  patent  literature  on  commodity  plastics  which  are  claimed  to  photo  or 
biodegrade. 

The  objective  of  the  study  was  to  determine  if  biodegradable  plastic 
products  and  the  residues  of  photodegradable  plastics  currently  on  the 
market  are  biodegradable  with  respect  to  time  and  process  conditions  in 
Ontario. 

Literature   Search 

A  computer  assisted  literature  search  of  selected  databases  on  the 
subjects  of  "biodegradability"  and  "photodegradability"  of  commodity 
plastics  was  carried  out  covering  the  period  from  the  early  1970's  to  the 
present  time  (November  1989).  The  search  uncovered  many  articles 
from  trade  journals,  press  releases  and  papers  presented  at 
conferences.  These  were  useful  in  obtaining  information  on  claims  being 
made  for  the  "degradable"  plastic  products  by  companies.   Limited  data, 
usually  without  experimental  details,  in  the  form  of  graphs  and  tables 
from  in-house  studies  on  product  degradability  were  sometimes 
available  from  these  sources  along  with  proposed  mechanisms  for 
degradation. 

Publications  on  "biodegradability"  and  "photodegradability"  from  refereed 
journals  and  from  the  patent  literature  were  obtained  and  reviewed. 

Definition  of  Degradable  Plastics 

The  term  "degradable  plastics"  implies  that  "normal"  plastics  are  non- 
degradable  which  is  not  the  case  since  all  polymers  will  eventually 
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degrade  in  the  environment  although  the  process  may  take  centuries  to 
occur.   However,  because  of  their  longevity,  many  would  regard  normal 
thermoplastic  materials  as  "non-degradable"  for  all  practical  purposes. 
The  term  "degradable"  is  generally  used  to  identify  a  class  of  plastics 
which  have  been  compounded  or  engineered  to  rapidly  degrade  in  a 
relatively  short  period  of  time  in  the  environment.  These  enhanced 
degradable  systems  presently  fall  into  two  groups  -  "photodegradable" 
and  "biodegradable". 

There  is  a  need  for  a  definition  of  degradability  if  the  performance  of 
environmentally  degradable  plastics  is  to  be  assessed.   In  legal  terms, 
degradability  will  require  clear  and  unequivocal  definition  if 
misunderstanding  of  claims  on  "degradation"  are  to  be  avoided,  but  it  is 
difficult  to  construct  a  practical  chemical  definition  to  meet  this  need.  The 
concept  of  "degradable  plastic"  incorporates  both  chemical  degradation 
of  the  polymer  into  shorter  chains  and  the  physical  breakdown  or 
deterioration  of  the  plastic  material  into  fragments.  A  recently  proposed 
definition  for  degradable  plastics  by  ASTM  Subcommittee  D20.96  on 
Environmentally  Degradable  Plastics  incorporates  both  of  these  aspects 
and  would  apply  to  both  biodegradable  and  photodegradable  plastics 
"Degradable  Plastics:  Plastic  materials  that  undergo  bond  scission  in  the 
backbone  of  a  polymer  through  chemical,  biological  and/or  physical 
forces  in  the  environment  at  a  rate  which  is  reasonably  accelerated,  as 
compared  to  a  control,  and  which  lead  to  fragmentation  or  disintegration 
of  the  plastics". 

In  considering  what  constitutes  satisfactory  performance  of  a  degradable 
plastic  the  terms  of  reference  regarding  product  type  and  intended 
purpose  or  application,  mode  of  disposal,  expected  environmental 
conditions  and  time  frame  should  be  specified  if  misinterpretation  of 
claims  for  "degradability"  are  to  be  avoided.   In  addition  there  is  a  need  to 
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define  what  are  the  intermediate  products  and  end  results  of  the 
degradation  and  deterioration  processes  when  environmentally 
degradable  plastics  are  discarded  to  the  environment. 

A  common  misconception  in  much  of  the  earlier  trade  literature  in  the 
1970's  was  that  the  entire  degradable  plastic  material  simply 
"disappeared".  This  reflected  the  belief  that  once  decomposition  of  a 
disposable  plastic  had  been  initiated  by  the  action  of  a  photochemical, 
biological  or  chemical  trigger,  or  combination  of  these,  that  the  molecules 
split  into  smaller  units  which  then  became  susceptible  to  normal 
processes  of  oxidation  and  decomposition  by  microorganisms  and  were 
completely  converted  to  carbon  dioxide  and  water.   Later  articles 
published  in  the  mid  to  late  1980's  generally  present  a  more  balanced 
viewpoint,  reflecting  the  scientific  evidence,  that  although  products  made 
of  "degradable"  plastics  may  lose  their  integrity  and  become  less  visible 
by  breaking  down  into  fragments  or  "plastic  dust",  assertions  as  to  the 
ultimate  fate  of  these  plastic  fragments  are  not  now  usually  made. 

The  more  recent  patent  filings  and  conference  papers  on  both 
"biodegradable"  and  "photodegradable"  plastic  products  also  tend  to 
focus  more  on  claims  and  demonstrations  of  loss  of  strength,  integrity 
and  fragmentation  of  plastic  compositions  as  the  end-point  after  a  period 
of  exposure  to  environmental,  or  simulated  environmental,  conditions. 
The  degradation  products  of  these  environmentally  degradable  polymers 
have  not  been  characterized  so  that  potential  toxicity  and  environmental 
effects  are  largely  unknown.  While  there  is  experimental  evidence 
presented  of  degradation  in  terms  of  loss  of  strength,  embrittlement  and 
fragmentation  of  these  formulations  on  exposure  to  environmental  factors 
there  is  a  need  to  define  the  rate  at  which  this  occurs  and  to  quantify  the 
end-points  under  specified  test  or  environmental  conditions  in 
comparison  to  conventional  plastic  materials  of  the  same  type.  For 
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example,  statements  that  definitive  and  rapid  disintegration  times  are  not 
required  for  biodegradable  garbage  bags  and  shopping  bags  destined  to 
end  up  in  sanitary  landfills  presents  a  broad  base  for  interpretation  of 
environmental  biodegradation  claims  for  starch  based  plastics  and  leads 
to  controversy. 

In  the  case  of  photodegradable  products  the  approaches  taken  by 
manufacturers  to  enhance  the  photodegradability  of  plastics  all  share  the 
common  objective  of  breaking  long  polymer  chains  down  into  shorter 
ones  leading  to  embrittlement  and  subsequent  break-up  into  small 
fragments  by  natural  mechanical  forces.   Most  bulk  commodity  plastics,  in 
the  absence  of  additives  such  as  ultraviolet  stabilizers  and  screening 
agents,  are  inherently  photodegradable  so  that  the  difference  between 
"non-photodegradable"  and  "photodegradable"  plastics  lies  primarily  in 
the  length  of  exposure  time  to  reach  an  embrittled  state.  The  use  of 
expressions  such  as  "enhanced  degradation",  "accelerated 
decomposition",  "are  more  easily  or  quickly  degraded"  in  connection  with 
photodegradable  and/or  biodegradable  compositions  are  too  vague  and 
may  lead  to  false  expectations  on  the  part  of  users  particularly  if 
legislation  has  been  introduced  mandating  the  use  of  "degradable" 
plastics  for  certain  applications.   In  efforts  to  distinguish  between  "normal" 
and  "enhanced  photodegradable"  products  the  concept  of  "controlled" 
lifetimes"  or  "programmed  degradation"  has  been  used  in  the  patent 
literature  to  describe  a  product  which  remains  essentially  unchanged 
during  its  useful  lifetime  and  then  subsequently  undergoes  rapid 
degradation. 

While  this  helps  to  distinguish  between  products  with  "normal"  and 
"enhanced  photodegradability"  these  claims  also  must  be  firmly  linked  to 
a  large  number  of  environmental  factors  such  as  humidity,  temperature, 
UV  wavelength  (solar)  and  time  of  exposure  if  defined  claims  of 
controlled  or  enhanced  photodegradability  are  to  be  developed. 
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Blodegradatlon  of  Degradable  Plastics 

High  molecular  weight  synthetic  polymers  containing  a  largely  C-C 
backbone  as  a  class  are  generally  resistant  to  biodegradation. 
Exceptions  are  polymers  with  aliphatic  esters  in  the  main  chain  such  as 
e-caprolactone  and  polyurethanes  based  on  polyester  diols.    Lower 
molecular  weight  hydrocarbons  are  more  susceptible  to  attack  by 
microorganisms. 

Evidence  published  to  date  only  indicates  that  under  certain  conditions 
polymer  compositions  with  photodegradable  and/or  biodegradable 
claims  will  lose  their  integrity  and  fragment.  Most  of  the  recent 
commercial  research  and  development  appears  to  have  been  directed 
towards  development  of  systems  with  a  built-in  package  of  pro-oxidant(s) 
and  oxidizable  and/or  biodegradable  components  which  can  more 
predictably  result  in  deterioration  and  fragmentation  of  the  plastic  product 
at  the  end  of  its  useful  life  when  buried  in  soil  or  discarded  to  landfill  or 
composting  operations. 

The  biodegradability  of  a  number  of  commercial  plastics  used  for 
packaging  based  on  polyethylene,  polystyrene  and  polyvinyl  chloride 
was  Investigated  in  the  1970's.   Using  fungal  growth  tests  and  soil  burial 
tests  it  was  shown  that  the  polymer  itself  is  not  attacked.  An  investigation 
of  the  effect  of  polymer  molecular  weight  and  branching  indicated  that  for 
linear  hydrocarbon  samples  only  those  samples  with  molecular  weights 
up  to  about  450  {C32)  were  susceptible  to  microbial  attack.  Above  that 
no  microbial  growth  was  observed.   Branched  hydrocarbons  with 
molecular  weights  less  than  450  were  not  attacked. 

More  recent  work  carried  out  in  1988  with  oligomers  of  polyethylene 
(C28H58.  C32H60  and  C30H74)  also  found  biodegradation  to  be 
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dependent  on  molecular  weight.  Test  methods  using  bacteria  rather  than 
fungi  also  indicate  that  the  upper  limit  for  growth  on  ethylene  oligomers  is 
about  600-800  and  on  styrene  200-300;  butadiene  500  and  isoprene 
400-1000. 

The  photoxidation  of  polyolefins  has  been  shown  to  result  in  chain 
shortening  and  altered  surface  morphologies  containing  ketone  groups. 
The  biodegradability  of  ketones  of  increasing  molecular  weight  has 
therefore,  been  investigated  and  reported  in  the  literature.  Again  it  was 
found  that  the  growth  rate  decreased  with  increasing  molecular  weight 
although  middle  ketones  up  to  C35  (MW>500)  were  still  attacked. 

The  common  commodity  polyolefins  contain  small  amounts  of  oligomer, 
the  amounts  depending  on  manufacturing  and  processing  conditions, 
which  give  evidence  of  a  minimal  amount  of  microbial  growth  when  the 
intact  polymer  is  challenged.   If  the  oligomer  is  separated  and  challenged 
as  a  separate  fraction  it  supports  microbial  growth  and  the  high  polymer 
from  which  the  oligomers  have  been  extracted  does  not  support  growth. 
UV  irradiation  of  polymers  will  increase  the  amount  of  oligomer  but 
probably  not  in  excess  of  a  limiting  value  determined  by  kinetic  factors 
involved  in  oligomer  formation  and  degradation.  Evidence  is  that  it  is  the 
oligomer  fraction  of  photolyzed  olefins  that  is  susceptible  to  attack  by 
microorganisms.  The  chemical  catalytic  oxidation  or  photoxidation  of 
plastics  leading  to  embrittlement  and,  through  the  action  of  mechanical 
forces,  the  production  of  a  fine  plastic  powder  or  plastic  "dust"  results  in 
the  polymer  having  a  greatly  increased  surface  area. 
It  has  been  claimed  by  some  authors  that  these  finely  divided  polymers 
undergo  enhanced  and  progressive  attack  by  microorganisms  and  their 
extra-cellular  enzymes.  There  is  however,  no  evidence  that  the  high 
polymer  itself  will  undergo  progressive  attack  as  the  result  of  any 
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mechanical  dispersion  at  the  supramolecular  level.   The  appearance  of 
enhanced  microbial  growth  on  finely  divided  polymers  is  due  to  more 
rapid  diffusion  of  the  oligomer  to  particle  surfaces. 
There  is  therefore  agreement  in  the  literature  that  unless  polymers  are 
degraded  to  low  molecular  weight  fractions  {MW<1000  average)  little  or 
no  biodegradation  can  take  place  as  evidenced  by  plate  growth  tests  or 
soil  burial. 

Products  of  Breakdown  of  Plastics  witfi  Enhanced  Degradablllty 

Concern  has  been  expressed  that  the  degradation  or  partial  degradation 
products  of  degradable  plastics  may  constitute  a  pollution  problem.  The 
literature  search  did  not  reveal  any  studies  which  had  been  specifically 
designed  to  look  at  this  problem.  This  is  not  surprising  since  the  problem 
is  a  complex  one.  The  first  difficulty  lies  in  characterizing  the  starting 
material  as  most  polymers  exist  as  statistical  mixtures  of  chains  of  varying 
lengths.   Depending  on  the  method  of  synthesis  these  chains  may,  in 
addition,  have  varying  numbers  of  smaller  side  chains  branching  out 
from  them.  The  composition  of  the  polymer  chains  may  also  vary 
considerably.  Gross  chemical  analysis  of  unfractionated  products  will, 
under  these  circumstances,  yield  only  averaged  compositional  data. 
Commodity  plastics  such  as  the  polyolefins  are  also  often  characterized 
by  highly  crystalline  regions  where  the  polymer  chains  exist  In  close 
packed  arrangements  surrounded  by  more  highly  amorphous  regions 
with  the  chains  in  a  greater  state  of  randomness  with  respect  to  their 
mutual  orientation. 

Chemical  reactions,  such  as  photochemical  reactions,  which  are 
dependent  upon  various  types  of  molecular  motion  will  generally  take 
place  more  readily  in  the  amorphous  regions. 

The  second  major  difficulty  lies  in  the  many  damaging  factors 
responsible  for  the  environmental  degradation  of  polymers.  These  may 
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be  classified  as  mainly  thermo,  thermo-oxidative,  photo,  photo-oxidative, 
chemical,  hydrolytic  and  biological  degradation. 
Depending  on  the  environment  one  or  more  of  these  factors  may 
predominate.  For  example,  plastic  litter  is  likely  to  be  subject  to  photo, 
photo-oxidative  and  thermal  effects  while  plastic  bags  in  compost  piles 
would  be  subject  to  mainly  thermal  and  thermo-oxidative  effects  initially. 
These  factors  are  likely  to  lead  to  the  following  degradation  processes: 
random  chain  scission,  depolymerization,  cross-linking,  side  group 
elimination  or  substitution  and  reactions  of  side  groups  among 
themselves.  These  basic  types  of  degradation  processes  seldom  take 
place  separately  and  the  simultaneous  application  of  many  damaging 
factors  in  the  environment  makes  evaluation  of  the  degradation  process 
very  difficult. 

In  the  case  of  the  photodegradation  of  plastics  a  great  deal  is  understood 
about  the  general  mechanisms  of  polymer  photodegradation  and  photo- 
oxidation,  but  what  is  lacking  is  knowledge  of  the  chemical  species 
formed  and  at  what  rate  these  are  produced.  In  the  case  of  normal 
polyethylene  subjected  to  UV  in  the  presence  of  oxygen,  ketones, 
aldehydes,  carboxylic  acids,  esters,  peroxide  compounds,  ethers, 
alcohols  and  low  molecular  weight  alkanes  have  been  listed  as  by- 
products. Additional  by-product  complexities  resulting  from  simultaneous 
application  of  damaging  factors  in  the  environment  and  from  the  action  of 
photosensitizers  in  photodegradable  plastics  are  likely. 

Other  products  which  might  be  leached  or  released  on  degradation  in  the 
environment  are  metals  such  as  nickel,  cobalt,  copper  and  iron,  anti- 
oxidants, pro-oxidant  or  activator  residues,  UV  stabilizers  and  heat 
stabilizers.  There  is  also  production  and  loss  of  volatiles  during 
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photodegradation  and  some  of  these  may  be  branched  short  chain 
hydrocarbons  which  would  be  resistant  to  biological  attack. 

While  that  portion  of  the  polymer  which  has  been  degraded  to  a  linear 
polymer  of  molecular  weight  less  than  1 ,000  may  be  subjected  to  attack 
by  microorganisms  there  is  no  information  on  the  intermediate  or  end 
metabolites  resulting  from  this  or  on  the  effects  of  the  accumulation  of 
quantities  of  plastic  "dust"  or  fragmented  residues  resulting  from  plastics 
degradation  in  the  environment. 

The  latter,  consisting  of  tiny  fragments  of  the  original  polymer  plus 
partially  degraded  or  even  cross-linked  polymer  may  merely  act  as  a  soil 
amender  or  conditioner  and  behave  in  a  similar  fashion  to  humic 
materials  in  soil.   If  however,  the  material  contains  reactive  end 
groupings  such  as  carboxylic  acid,  ketone  or  alcohol  grouping  the 
material  may  be  leached  through  the  soil  as  say  the  metal  salt  of  a  long 
chain  carboxylic  acid  and  become  a  ground  water  pollutant.   No 
information  on  the  characterization  and  fate  of  any  of  these  partially 
degraded  polymeric  materials  appears  to  have  been  published  in 
refereed  journals.   Nor  were  references  found  which  claim  that  by- 
products are  definitely  toxic  or  harmful. 

The  rate  of  degradation  of  the  various  photodegradable  plastics  currently 
available  are  dependent  upon  the  amounts  of  sensitizing  agents 
incorporated  as  well  as  exposure  levels  to  UV  light  of  330  nm 
wavelength  or  less.  In  a  laboratory  setting  with  controlled  conditions 
using  appropriate  lamps  and  filters  the  time  required  to  achieve  a  given 
degree  of  polymer  degradation  can  be  reasonably  predicted.   In  an 
outdoor  environment  there  are  a  large  number  of  factors  which  can  affect 
the  amount  of  light  absorbed  per  unit  time  and  hence  the  lifetimes.  Such 
factors  include  average  temperatures,  rainfall  and  humidity,  wavelength, 
distribution  of  the  solar  radiation  at  the  particular  location  as  well  as  its 
angle  of  incidence.  Effects  of  shading  by  leaves  from  growing  crops  for 
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example  on  degradable  mulching  film  or  on  degradable  plastic  litter 
located  partially  in  shade  and  the  effects  of  dirt,  colouring  pigments  etc. 
may  all  delay  photodegradation. 

The  failure  of  photodegradable  agricultural  mulch  film  to  penetrate  the 
British  mari<et  has  been  ascribed  to  the  variable  and  low  intensity  of  the 
ultraviolet  light.  The  greater  predictability  to  UV  exposure  could  also 
account  for  the  relative  success  of  photodegradable  agricultural  mulch 
film  in  Israel  and  in  the  state  of  Florida.  "Controlled"  lifetime  for 
degradable  plastics  outdoors  in  certain  geographic  locations  for 
applications  such  as  mulch  films  is  therefore  uncertain. 

In  the  case  of  "biodegradable"  plastics  the  environmental  variables 
affecting  degradation  and  product  performance  are  also  difficult  to 
predict.   In  landfill  operations  some  thirty  environmental  variables 
affecting  sanitary  landfill  degradation  of  municipal  waste  have  been 
identified.  Factors  such  as  moisture,  temperature,  numbers,  types  and 
physiological  state  of  organisms  present  in  the  vicinity  of  the  particle, 
degree  of  anaerobiosis,  micro-nutrients  and  soluble  metals  are  likely 
important  factors. 

Moisture  is  usually  the  chief  limiting  factor  for  biodegradation  of 
materials.  Most  landfills  are  designed  to  minimize  water  infiltration 
unless  leachate  control  and  recycle  are  practiced.  Landfills,  as  presently 
operated,  in  general  act  more  as  burial  tombs  than  as  bioreactors. 
Biodegradation  of  putrescible  materials  does  take  place  to  some  extent 
as  evidenced  by  methane  production.  This  is  far  from  optimal  in  most 
circumstances  and  continues  at  a  slow  and  sometimes  unpredictable 
rate  for  many  years. 

A  fair  description  of  what  happens  in  sanitary  landfills  as  presently 
operated  is  summarized  in  a  recent  statement  that  "biodegradation  (of 
plastics)  may  have  only  marginal  benefit  since  it  (landfill)  does  not 
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remove  all  materials  or  even  biodegradable  materials  in  a  reasonable 
time". 

Indication  of  slow  degradation  of  plastics  has,  however,  been  obtained  in 
recent  studies  from  17  to  20  year  old  municipal  landfill  sites.   Using  bomb 
calorimetry  to  determine  the  BTU  value  of  recovered  polyethylene 
samples  and  comparing  the  values  with  virgin  polyethylene  to  determine 
the  degree  of  degradation  it  was  found  that  93%  of  samples  showed 
degradation,  with  30%  of  the  samples  degraded  10%  or  more. 

Recent  work  at  the  University  of  Missouri  in  a  six  month  study  of 
polyethylene  film,  with  and  without  6  percent  starch  indicated  that  starch 
was  largely  removed  from  the  polyethylene  when  exposed  to  conditions 
simulating  landfill,  compost  heap  and  anaerobic  waste  sludge  digester 
and  surface  litter  environments.  Most  rapid  removal  was  under 
anaerobic  waste  treatment  conditions  and  slowest  in  air. 

It  was  also  reported  that  "the  polyethylene  degraded  to  smaller 
molecules"  particularly  under  anaerobic  conditions  where  decomposition 
was  greatest  and  that  up  to  15%  of  the  1200  carbon-long  molecules 
gradually  decayed  into  25-carbon  waxes. 

If  these  observations  under  anaerobic  digester  conditions  are  confirmed 
a  much  more  rapid  decomposition  of  plastics  might  be  obtained  in 
landfills  if  sufficient  amounts  of  water  are  permitted  in  a  sanitary  landfill 
operation  to  maximize  decomposition  under  anaerobic  conditions. 

Studies  in  Sweden  of  normal  and  photodegradable  '•'^C  labeled  plastics 
which  had  been  exposed  to  UV  radiation  and  placed  in  soil  disclosed 
relatively  low  rates  of  biodegradation.   Less  than  10%  biodegradation  of 
UV  exposed/UV  sensitized  polyethylene  in  10  years  in  soil  was  noted 
even  though  the  final  level  of  degradation  appeared  to  be  close  to  a 
decomposed  stmcture.  Other  studies  using  i^C  labeled  polyethylene  in 
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soil  with  higher  moisture  content  indicated  a  somewhat  higher  rate  of 
about  2%  per  year.  This  latter  figure  would  correspond  to  the  highest 
levels  of  degradation  (approximately  50%  in  20  years)  noted  in  some 
polyethylene  samples  recovered  in  the  landfill  site  studies. 

In  the  case  of  composting  operations  there  is  a  greater  attempt  to  control 
the  environment  for  biological  decomposition  under  aerobic  conditions. 
Initial  moisture  contents  of  50-60%  and  operating  temperatures  of  55- 
60°C  at  oxygen  concentrations  of  5  to  1 5%  and  a  pH  of  6  to  8  are 
considered  optimal. 

Several  studies  have  been  undertaken  recently  on  the  use  of 
biodegradable  polyethylene  bags  for  the  collection  of  yard  wastes  for 
composting.  One  trial  underway  in  Nebraska  is  using  bags  which 
contain  6%  cornstarch,  a  photodegradable  chemical  and  a  pro-oxidant 
which  are  said  to  make  the  bag  more  susceptible  to  oxidation  and  heat 
decomposition. 

Preliminary  results  after  five  weeks  of  windrow  composting  at  60°C 
indicated  that  the  bag  material  appeared  to  have  lost  strength  and  it  was 
estimated  that  the  bags  will  degrade  in  18  months.  Normally  the  time 
required  for  the  active  stage  of  composting  of  municipal  waste  by  the 
windrow  method  is  2  to  6  months.  A  period  of  18  months  for  bags  to 
"degrade"  would  therefore  require  a  considerable  post-composting 
curing  period  to  allow  this  to  occur. 
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Testing  of  Degradable  Plastics 

In  addition  to  the  need  for  agreement  on  definitions  of  "photodegradable" 
and  "biodegradable"  plastics  the  literature  search  revealed  that  there  is  a 
need  for  standardization  of  test  environments  and  test  methods  if  the 
performance  of  degradable  plastics  is  to  be  assessed  more  fully.  At  the 
present  time  ASTM  Subcommittee  D20-96  on  Environmentally 
Degradable  Plastics  is  reviewing  these  needs  and  has  started  to  address 
the  standardization  issues. 

Test  environments  need  to  be  characterized,  be  reproducible  and  relate 
to  the  intended  purpose  and  fate  of  the  degradable  plastic  material. 
Accelerated  laboratory  tests  which  show  correlation  to  field 
environmental  conditions  would  be  preferable.   Comparison  with  the 
behaviour  of  a  well  characterized  "normal"  plastic  and  with  known 
biodegradable  polymers  such  as  polycapro lactone  or  cellulose  under  the 
conditions  of  the  test  environment  may  be  one  method  of  achieving  this 
for  evaluation  of  biodegradable  plastics.  The  starting  test  materials  also 
need  to  be  well  characterized  before  testing.  Similar  requirements  would 
apply  to  plastics  with  photodegradable  claims. 

Standardization  of  test  methods  for  measuring  changes  in  physical  and 
chemical  properties  during  exposure  and  the  rate  at  which  these  occur  in 
the  test  environments  are  also  required.  These  may  range  from  simple 
measurement  of  weight  loss  as  a  measure  of  volatilization  to  on-line 
measurement  of  carbon  dioxide  and  methane  production  using  a 
biometer  to  measure  rates  of  true  biodegradation.  There  is  also  a  need 
to  quantify  the  end-point  or  end  points  of  degradation  if  "degraded"  is  to 
be  defined  for  photodegradable,  biodegradable  and  photo- 
biodegradable  plastics. 

Further  research  to  characterize  the  intermediate  products  and  end 
products  of  plastics  with  enhanced  degradation  claims  is  required. 
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Possible  toxic  or  adverse  environmental  effects  of  these  degradation  or 
partial  degradation  products  also  requires  investigation. 

Key  Findings  from  the  Literature 

1 )  There  are  no  universally  accepted  definitions  of  biodegradable  or 
photodegradable  plastics.  The  American  Society  for  Testing 
Materials  (ASTM)  and  the  Canadian  Standards  Association  (CSA) 
are  addressing  this  issue. 

2)  There  are  currently  no  universally  accepted  standards  or  test 
methods  for  evaluating  the  performance  of  degradable  plastics. 
ASTM  and  CSA  are  addressing  these  issues. 

3 )  It  is  recognized  that  an  accelerated  loss  of  physical  properties  of 
plastics  can  be  induced  through  the  addition  of  certain  additives. 
Conventional  plastics  also  degrade  although  the  time  required  is 
substantially  longer.  Consequently  any  reference  to  controlled 
lifetimes  of  degradable  plastics  is  a  relative  rather  than  an 
absolute  term. 

4 )  There  is  agreement  In  the  literature  that  unless  polymers  such  as 
polyethylene  are  degraded  to  low  molecular  weight  straight  chain 
alkane  fractions  (molecular  weight  less  than  1 ,000  average)  little 
or  no  biodegradation  can  take  place  as  evidenced  by  microbial 
plate  growth  tests  or  soil  burial  tests.  Branching  of  the  alkane 
chains  appears  to  prevent  biodegradation  regardless  of  molecular 
weight.  Most  studies  on  biodegradability  have  been  carried  out  on 
polyethylene  and  little  data  are  available  on  other  commodity 
plastics  such  as  polystyrene. 

5)  There  is  very  little  information  on  the  by-products  or  end-products 
resulting  from  degradation  of  either  conventional  plastics  or 
plastics  with  enhanced  degradation.  The  fate  of  these 
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degradation  products  is  largely  unknown.   In  addition,  little  is 
known  about  the  potential  effects  of  release  of  plastics  additives, 
for  example,  organometallic  antioxidants,  on  degradation  of  the 
packaging.  As  a  result  the  environmental  impact  cannot  be 
assessed  at  this  time. 

6 )       The  effects  of  degradable  plastics  on  the  recyclability  of  plastics  is 
unknown.  Further  study  and  research  is  required  in  this  area. 
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11^  DEGRADABILTIY 

The  growing  world  wide  concern  over  solid 
waste  has  caused  a  great  deal  of  attention  to  be 
focussed  on  plastics,  which  are  perceived  to  be 
non  "degradable".  Products  are  now  being  mar- 
keted which  claim  to  address  this  perceived 
deficiency  in  plastics,  and  while  these  products 
will  find  some  applications,  they  are  by  no 
means  a  universal  solution  to  the  plastics  waste 
problem.  A  lack  of  understanding  of  the  waste 
and  litter  problem  has  created  a  great  deal  of 
confusion  in  the  minds  of  the  general  public. 
The  roles  that  "degradable  plastics"  can  and 
cannot  play  are  discussed  below. 
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T  IS  DEGRADABIUTY 

All  plastics  deteriorate  and  break  down  over 
time.  Scientists  have  expended  a  great  deal  of 
effort,  over  the  years,  to  improve  the  durability 
of  plastics  and  extend  the  useful  life  of  plastic 
products.  Much  of  the  durability  improvement 
is  achieved  with  the  use  of  additives. 

The  new  products  offered  as  degradable  are  in 
fact  designed  to  do  the  very  opposite  i.e.  speed 
up  the  degradation  or  breakdown  of  the  product 

Two  general  types  of  degradable  products  are 
being  offered.  Photodegradable  products  exhib- 
it accelerated  degradation  when  exposed  to  sun- 
light. Products  which  are  commonly  called 
biodegradable  contain  cornstarch  which 
depends  on  the  action  of  micro  organisms,  and 
other  chemicals,  which  promote  breakdown  of 
the  plastic.  In  both  cases,  under  the  correct  con- 
ditions, it  results  in  the  breakdown  of  the  plastic 
article  into  ever  smaller  pieces. 


PFFECT  ON  LTITER 

Litter  is  the  result  of  irresponsible  or  accidental 
disposal  of  products.  The  ideal  way  to  eliminate 
litter  is  to  eliminate  the  littering  behaviour 
through  education  and  deferents  such  as  fines, 
and  to  identify  and  correct  the  causes  of  acciden- 
tal littering. 

Given  that  litter  does  occur,  it  contributes  to 
visual  pollution  and  poses  a  potential  threat  to 
wildlife.  In  addition  to  education  to  change 
behaviour,  there  is  a  need  to  either  collect  the 
litter  or  to  reduce  the  longevity  of  littered  items. 

While  there  is  currently  no  legislation  in 
Canada,  in  many  foreign  jurisdictions  (i.e.  Italy, 
Florida),  certain  plastic  packaging  materials  are 
being  mandated  to  lose  properties  (degrade) 
wdthin  specified  time  frames  (within  120  days  for 
polyethylene,  within  one  year  for  polystyrene, 
etc.) 

Photodegradable  products  can  have  a  positive 
impact  on  plastics  litter  in  both  land  and  marine 
situations.  The  breakdown  of  plastics  is  trig- 
gered by  ultra  violet  radiation  fi-om  the  sun.  The 
effectiveness  is  dependent  on  exposure  intensity 
and  vidll  vary  with  factors  such  as  the  season, 
geography,  dirt  or  water  cover,  shading,  etc.  The 
question  of  whether  making  plastics  degradable 
will  encourage  littering  has  frequently  been 
asked  but  remains  unanswered. 

Available  commercial  biodegradable  products 
are  not  being  promoted  for  litter  management 
due  to  the  significant  difficulties  in  consistently 
achieving  the  needed  conditions  for  biological 
activity. 


pFFECT  ON  LANDHLL 

Degradation  is  generally  a  complex  and  slow 
process.  For  a  material  to  biodegrade,  it  must  be 
exposed  to  the  correct  combination  of  acidity, 
temperature,  nutrients,  particle  size,  moisture, 
air  and  bacteria.  Under  modern  landfill  condi- 
tions, many  materials  generally  regarded  as 
degradable  (i.e.  food,  yard  waste,  paper,  etc.) 
deteriorate  either  slowly  or  not  at  all.  Coatings 
or  heavy  printing  further  slow  down  the  degra- 
dation rate. 

Photodegradable  plastic  systems  are  not  being 
promoted  as  a  means  to  reduce  landfill  because 
the  ultra  violet  light  needed  to  cause  degrada- 
tion is  not  present. 

Under  the  correct  conditions,  the  physical  prop- 
erties of  plastics  containing  biodegradable  addi- 
tives can  be  reduced.  However,  sanitary 
landfills  are  typically  run  in  a  "dry"  mode  (i.e. 
clay  cap,  removal  of  leachate).  This  results  in 
insufficient  moisture  for  large  scale  degradation 
to  occur. 

In  view  of  these  conditions,  the  addition  of 
biodegradable  materials  of  any  type  will  not 
extend  the  useful  life  of  landfill  sites. 

PRODUCTS  OF  DEGRADATION 

There  have  been  questions  raised  about  the 
environmental  impact  of  the  products  of  degra- 
dation and  the  increased  rate  at  which  additives 
such  as  pigments  are  released.  These  issues  are 
being  addressed  through  both  supplier  and 
industry-backed  studies. 
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CONOMIC  IMPACT 

The  use  of  degradable  systems  adds  cost.  The 
actual  cost  increase  depends  on  the  application 
and  system  chosen.  The  major  cost  increase 
components  are  in  the  cost  of  the  additive  sys- 
tem and,  in  the  case  of  the  biodegradable  prod- 
uct, there  may  be  additional  plastic  resin 
required. 
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IJALITY 

The  industry  is  concerned  about  the  lack  of  rec- 
ognized performance  standards  governing  the 
use  of  degradable  plastics.  The  Society  of  the 
Plastics  Industry  is  working  mth  organizations 
such  as  the  Canadian  Standards  Association  to 
address  this  need. 


CUMMARY 

Degradable  plastics  offer  benefits  in  selected 
applications.  Photodegradability  may  be  useful 
in  products  with  high  litter  potential. 
Biodegradable  products  may  be  beneficial  in 
products  which  are  not  going  to  be  recycled  and 
which  will  be  disposed  of  under  conditions  con- 
ducive to  biodegradation.  Research  is  continuing 
to  determine  the  environmental  acceptability  of 
the  products  of  degradation,  and  the  impact  on 
recycling  and  people's  tendency  to  litter.  It  is 
important  to  recognize  that  degradability  is  only 
one  component  of  responsible  solid  waste  and 
litter  management. 


P  OMPATABILITY  WITH  RECYCLING 

Questions  have  been  raised  about  the  compata- 
bility  of  degradable  systems  with  recycling.  The 
questions  relate  to  the  processability  of  the  recy- 
cled plastics  as  well  as  possible  reduced  life  of 
products  made  from  recycled  plastics.  The 
effects  depend  on  which  degradable  system  is 
used,  the  type  of  recycling  process,  as  well  as 
the  end  product  These  concerns  are  being 
addressed  through  further  research. 
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